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Abstract. In this paper the orchestration of wearable sensors with human
computation is explored to provide map metadata for blind navigation. Tech-
nological navigation aids for blind must provide accurate information about the
environment and select the best path to reach a chosen destination. Urban
barriers represent dangers for the blind users. The dynamism of smart cities
promotes a constant change of these dangers and therefore a potentially “dan-
gerous territory” for these users. Previous work demonstrated that redundant
solutions in smart environments complemented by human computation could
provide a reliable and trustful data source for a new generation of blind navi-
gation systems. We propose and discuss a modular architecture, which interacts
with environmental sensors to gather information and process the acquired data
with advanced algorithms empowered by human computation. The gathered
metadata should enable the creation of “happy maps” that are delivered to blind
users through a previously developed navigation system.
Keywords: Blind navigation  Crowdsourcing  Human computation
1 Introduction
Visual impairment poses some restrictions and special requirements to human mobility
and urban barriers, in particular, represent dangers for the blind. The dynamism of
smart cities is prone to create constant changes of these dangers and is therefore a
potentially “dangerous territory” for these users [1]. Previous work [10] demonstrated
that solutions with multiple sensing input sources in smart environments, comple-
mented by human computation, could provide a reliable and trustful data source for a
new generation of blind navigation systems. However, most of these solutions require
constant user feedback causing meshing and hindering the use of the devices. Some
studies have also demonstrated the need to include pervasive technology to support
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navigation and guidance. These same technologies may also be used for the acquisition
of environmental and user data.
Typical technological navigation aids for the blind are designed to provide accurate
information about the environment and select the best path to reach a chosen desti-
nation. However, with the constant development of sensing technologies and ubiqui-
tous computing new types of information sources can be used to create a new type of
navigation systems for the blind. Some approaches have considered the use of
crowdsourcing to give inputs about unexpected dangers in the route [2–5]. However,
the role of extended geographical information data, like route appealing or safeness
(Happy Maps [1]), has not been considered when recommending routes. Sometimes the
shortest path is not the ideal path to get to a destination.
This paper proposes and discusses a conceptual architecture, which interacts with
environmental sensors to gather information and process the acquired data with
advanced algorithms empowered by human computation. The gathered metadata
should enable the creation of “happy maps” that are delivered to blind users through a
previously developed navigation system. As it is intended to be a non-intrusive system,
user components are embedded in objects/devices that are part of the daily lives of
users, in particular, the white cane, the watch, the glasses or the phone. In most cases
consumer electronics devices, mass produced, can be used and thus are more economic.
These are the cases of smartwatches, smartphones and smartglasses, which can be
adapted for use by the blind, customized for their needs and capabilities. In speciﬁc
situations, as for the white cane, hardware customization is required, following pre-
vious work [6]. With these devices it is possible to obtain several data from the sensors,
which once contextualized, can allow the inference of environmental information. To
ensure the dynamism of the solutions it appears to be necessary to apply artiﬁcial
intelligence techniques to get the association with known objects/obstacles. However,
such mechanisms represent no solution to the time variation of the environment,
whereby the model speciﬁes retro-feedback mechanisms for dynamic updating of the
information, and also acting as a validation mechanism. The presented conceptual
architecture is faced with the future challenges of the navigation systems for the blind,
setting some of the future guidelines for these systems.
Section 2 presents some background on the topics involved. In Sect. 3 the model
for enhancing blind navigation based on the use of crowdsourcing and ubiquitous
sensing and computing to generate happy maps is proposed. An application scenario is
presented in Sect. 4 and the discussion of the proposal follows up in Sect. 5. Finally,
Sect. 6 concludes with some ﬁnal remarks.
2 Background
In a recent survey, Zhu et al. [8] argue that mature infrastructures for sensing data
generation, collection, classiﬁcation, analysis, and processing are desired. Cloud
computing is essential to build high performance platforms. Currently, sensor networks
are usually restricted to small regions. However, in the near future they should be at the
town or city level, or even world level. Data will be aggregated and distributed in
different methods to all potential users. Internet of Things (IoT) is the forerunner of
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building such large-scale networks and it is one of the top concerned research topics.
Data management methods will bloom as well as other data sciences to solve problems
in the world of big data, such as data management, security and privacy, data protection
and integrity, machine learning, neural networks, data mining and crowd sourcing.
2.1 Smart Cities and Accessibility
In the last years some solutions of crowd participation in Smart Cities and Accessibility
have been explored [2, 3]. In order to improve a city living experience, it is necessary to
know its problems, and no one knows those problems better than the citizens.
Applications that empower citizens to report the city problems can contribute to
enhance the quality of life by prioritizing the gathered information and solving the most
relevant situations. However this evaluation and prioritization should take into con-
sideration the way people travel, how those obstacles force them to make changes in
their path and how the population is affected by those changes. Therefore, if these
users’ emotions can be interpreted, then those obstacles can be classiﬁed according
how they affect their mood. The use of speciﬁc applications can also contribute to this
evaluation by analyzing and inferring on the user context to retrieve speciﬁc infor-
mation without the need to ask, for example the name of the streets. Information like
the sidewalk length, preferred paths, (not just the fastest, but also the most likable or
safest one), ﬁx or new obstacles, (e.g. new construction in progress) should be con-
sidered when creating a happy map. These solutions are based on collecting smart-
phone data (via a speciﬁc application like the IBM Accessible Way1, and others), store
the data on a server and use models to identify not only the reported problems, but also
their impact [4]. This information can be used to help people in their everyday life,
especially in the case of blind users. They can be warned that the sidewalk is inap-
propriate for walking safely, or that the sidewalk has many holes or obstacles blocking
the way. If a representative amount of data is collected through people engagement, a
signiﬁcant number of issues will be registered, and analytics tools can be used to
identify the impact of these issues on the life of people with disabilities. Consequently,
this information can be used to build accessibility maps, and to deﬁne an appropriate
action plan to address the detected issues, optimizing resource allocation [5]. Open
Communication Interfaces have been applied as a way to foment social networking and
citizen engagement with the community. Shigeno et al. [7] proposed a new model of
shared boards, tailored for low-income communities. This technology can be seen as a
new type of social media, since it establishes an open digital interface for
intra-community message exchange between members and has the potential to foster a
new mode of citizen participation.
Koch et al. [9] proposed a platform that embeds the concepts of crowd/social
computing. The platform orchestrates citizens and sensing cities, interconnecting par-
ties, analyzing and correlating events and providing recommendations and feedback
reports. The system, built on the IBM Smarter Cities project was not developed
1 Accessible Way - http://accessibleway.org/.
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speciﬁcally for the case of blind users. However its outcomes yield signiﬁcant social
contributions. By using it, administrators can make reliable decisions that will impact
social services, trafﬁc, energy and utilities, public safety, retail, communications and
economic development. Crowd participation can be adjusted to solve problems in the
social inclusion and accessibility domain. The major difference is in the services
provided. The CanIHelp platform [10] is an embodiment of the concept of inclusive
collaboration resulting in an orchestrated model using mechanisms of collective
intelligence through social inclusion initiatives. The platform is designed to integrate
assistive technologies, collaborative tools and multiple multimedia communication
channels, accessible through multimodal interfaces for universal access. The proposed
approach combines and generalizes the usage of human computation in a collaborative
environment with assistive technologies creating redundancy and complementarity in
the solutions provided, contributing to enhance the quality of life of people with special
needs and the elderly.
2.2 Blind Users Navigation and Orientation
Location and navigation systems have become widely available in recent years. They
are used as a tool for ﬁnding a route to a speciﬁc destination, to explore the surrounding
environment using the provided contextual information or nearby points-of-interest
(POI). The SmartVision and Blavigator projects aim to explore information and
communication technologies to provide an aid for bind navigation and orientation. The
materialization of the project was to develop a cheap and reliable solution for
enhancing blind autonomy. This device should be extremely easy to carry and to be
used while providing all the necessary help for autonomous navigation [11, 12]. The
device was designed to be an extension of the white cane, not a replacement. Another
requirement was the usage of ubiquitous technology capable of issuing warning signals
when approaching a possible obstacle, a point-of-interest or when the footpath in front
is curved and the heading direction should be adapted. The IoT brought new per-
spectives for the research on systems for search blind navigation and orientation. Ren
et al. [13] characterize the IoT as an “emerging service model […] forming an
unprecedentedly powerful mobile cloud to provide pervasive data collecting, pro-
cessing, and computing services”. The overage of sensors arises a new problem linked
to the quantity and quality of collected data. New data fusion techniques are needed to
ensure the information extraction. The multi-sensor data fusion [14] aggregates data
acquired by individual sensors with different characteristics for enhancing efﬁciency.
Akhoundi and Valavi [14] proposed a rule-based fuzzy system for fusion of raw data
obtained from the sensors having complement characteristics. Machine-learning tech-
niques are also used to fuse data. Golding and Lesh [16] proposed a system for indoor
navigation capable of inferring context-awareness by integrating information from
accelerometers, magnetometers, temperature and light sensors. In this area, some of the
most important advances are associated with autonomous driving. In the analysis of
these systems it is necessary to keep in account that, in the case of the blind the
processing shall follow a different treatment since the human factor is crucial in the
process of navigation and guidance, as a decision-making system. Therefore the degree
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of uncertainty is higher than in autonomous driving systems. Crane et al. [20] propose a
sensor system with four different sensor types to identify obstacles. A sensor fusion
approach that was developed whereby the output of all sensors was in a common grid
based format. The system was used for autonomous navigation of an unmanned ground
vehicle. Schueler et al. [19] propose an approach for 360-degree multi sensor fusion for
static and dynamic obstacles for automotive vehicles. The method combines the
advantages of model based object tracking and an occupancy map for the perception of
static and dynamic obstacles. The combination of color and infrared (IR) imagery was
used in [17] for obstacle detection in autonomous off-road navigation. The authors use
data fusion and machine learning for increasing the reliability of the system. The robust
detection of obstacles is also addressed by [18], exploiting the environment to predict
future behavior of the obstacle and incorporating these hypotheses into the planning
process to produce safer actions.
One of the outlooks for inclusion of human perception is using human computation
in the process of acquisition, fusion and/or data mining. Mobile crowdsourcing has
been gaining momentum as a feasible solution for solving very large-scale problems
[13]. Despite the solutions for the key challenges in mobile crowdsourcing, the authors
argue that there are still open questions regarding community oriented mobile
crowdsourcing and big data applications by mobile crowdsourcing. The Accessibility
Social Sensing is a system designed to collect data about urban and architectural
accessibility and to provide users with personalized paths, computed on the basis of
their preferences and needs. The system combines data obtained by sensing, crowd-
sourcing and mashing-up with main geo-referenced social systems, with the aim of
offering services based on a detailed and valid data set [15].
An emerging perspective is the combination of emotions/perceptions as a planning
method [21]. The major goal is understanding of how people perceive and respond to
static and dynamic urban contexts in both time and geographical space. The resulting
novel information layer provides an additional, citizen-centric perspective for urban
planners.
3 A Model for Enhancing Blind Navigation
In the last decades, addressing the challenging features and requirements of blind
navigation has been a research hot topic. The redundancy of the information and
location sources using active and passive sensors, the sensing of the user’s surround-
ings using computer vision, the interaction with the user and his/her safety have been
some of the prominent themes [9]. Nowadays, in the navigation and orientation tasks
one of the key issues is the decision-making capacity, and therefore, these support
systems may be considered as decision support systems. As a decision support system,
the data available and its accuracy and reliability determines the limit of the system
capacity. One perspective into optimizing such a system is through the enhancement of
the available data. The use of human computation appears as a possible solution.
An enhanced navigation solution for the blind in a city would aim to: (i) map safe
routes for people with accessibility issues (ii) inform about the proximity of points of
interest, for example problematic points; (iii) recommend alternative routes when the
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proximity of trouble spots is detected. Therefore, the solution will evolve the previous
developed solution [12] extending it for the blind. The collection and processing of
situational data as geo-tagged reports and social aspects is the ﬁrst part of the process.
The solution works on data collected from multiple users (blind or not) who interact
with the system using a mobile application that collects data from the walking
behaviour in the sidewalks. The smartphone sensors, such as the accelerometer and
gyroscope, capture movement patterns. Variations to the normal moving patterns can
represent obstacles, which can be identiﬁed by the interaction of users with the device,
or by computer vision using a wearable camera. Moreover, when considering public
places frequented by hundreds of people, the same information can be grabbed by
many users and therefore validated, being added as a temporary obstacle or accessi-
bility barrier to the geographic information system (GIS). The GIS information is used
by the navigation system to trace the route to the destination avoiding the barriers, or
warning the user about their existence when used in orientation mode. The navigation
system would also be able to adapt the route according to notiﬁcations received in real
time about the obstacles in the path.
The process is summarized in Fig. 1. The user starts the process (1) by collecting
information using the sensors of the smartphone. The data collected depends on each
device. The use of GPS, accelerometer and gyroscope data is required, at least. If
available, other information can be collected as well. This raw information is period-
ically sent to the server to be processed.
The information is analyzed in order to predict context changes (2), like obstacles
or common path changes. This is then weighted by commonality incidence, and shared
on a geo-referenced public shared board (3), where users can have access to the
information. The user application is based on the user’s habits and history, detecting if
new events are reported on the server, which can impact the user’s daily life and,
therefore, notify the user in the most effective way. One example of this situation is
when a blind user is walking on a sidewalk under maintenance where the works only
Fig. 1. Proposed high level process architecture
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started on that day. If the event is detected, and there is information on the server about
the works in progress, the application is automatically notiﬁed and the route is changed
or the user is warned about the hazard.
Emerging technologies will allow evolving and implementing the proposed model.
Voice control and monitoring technologies, known as “vox” are evolving, and industry
is developing solutions that will be “listening 24/7” harvesting data from what they
hear, as well as accepting commands. With the massive use of wearables, Smart TVs
and other similar devices, the presence and use of microphones will be ubiquitous: in
every room in our homes, in the car, in the ofﬁce, clipped to a shirt and, of course, in
our phones, smart watches, smart glasses and elsewhere. The convergence of ubiqui-
tous computing, wearable computing and, above all, artiﬁcial intelligence virtual
assistants will make voice-based interface - “hearable computing”2 - the default way we
interact with computers and the Internet.
4 Application Scenario
Cities are ﬁlled with obstacles that represent dangers for the blind. In general these
obstacles can be classiﬁed as static and dynamic.
The static obstacles remain over long periods in the same location, being easily
incorporated after their identiﬁcation into a geographic information system and made
available to the navigation systems. Conversely, the dynamic obstacles, or temporary,
only exist for a short time period. The inclusion of these obstacles in geographical
information systems requires the use of techniques that ensure solid management of the
dynamic nature of the information. The key challenge lies in the detection and vali-
dation of obstacles and making information available in real time, so users can take
advantage of it in their navigation systems.
The proposed model follows the principles of pervasive technology and crowd-
sourcing to gather data. The aim is to minimize the interactions between the user and
the system for data collection, automating the process based on the sensors worn by the
user. In everyday life there are countless connected devices, which have sensors that
allow assessing environmental data. These sensors are often embedded in mobile
phones, watches and other user-carried devices. The sensors can measure various
parameters, including acceleration and motion, user’s vital signs or environmental
audio/video. Separately, some of the data obtained may represent obstacles informa-
tion. However, the fullness of the process is the data fusion and inference of situations
that may represent the existence of danger for the blind.
To illustrate the application of the model, we will follow by demonstrating its use in
real cases reflecting an unknown environment (that may be more favorable to the use of
the technology) and a known environment.
Consider a familiar environment: as usual each morning, a blind person travels to
his/her work. Along the way the sidewalks comply with the regulatory dimensions.
However his/her usual route is clogged with a car parked on the sidewalk, leaving a
2 http://www.datamation.com/commentary/listen-up-hearable-computing-is-the-next-big-thing-1.html.
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meager space for people to move. The blind detects the obstacle with his/her white
cane, forcing him/her to deviate from his/her usual route to get past the obstacle. While
surrounding the obstacle the blind gets exalted by boosting the heart rate and saying a
few words: “There is no respect. The sidewalks are for people not to park cars”. The
blind carries a smartwatch with the application for navigation and guidance installed.
The application records data collected by the sensors. The data usually collected is the
location information associated with acceleration and movement variations (captured
by accelerometer and gyroscope), the heart rate and the sounds are captured in these
exceptional occasions. The collected data is pre-processed in order to be sent to the
host/cloud. This process includes a pre-data fusion, so that it can be combined with the
user’s history restrained in the device. This intersection lets variations be detected in
the usual way of the user and forwards this information to the host/cloud, without
identifying the user and ensuring his/her privacy. Furthermore, this information is
essential to realize the presence of an anomaly in the usual course and to combine with
other sensors the perception of the source/reason for this change. The collected data is
sent to the host/cloud where it is fused and extracted the information that is added to the
geographic information system. The inclusion of the extracted information depends
upon the level of accuracy associated with the information, and according to the model
of participation linked to the model.
Now consider the same scenario, but with a person walking on the street and
writing an SMS or replying to an email on the smartphone. The information collected
in the earlier case when passing the obstacle, is distributed by the system users.
Considering that the person is a user of the system and of the device, an installed app
recognizes that the user’s attention is in writing the message and not in the route (by
variations in accelerometer and gyroscope detecting the movement, by recognizing the
face looking at the screen through the front camera and the interactions with the
application) triggering an alarm indicating danger before crossing the checked area.
The alert indicates that there is an obstacle in the street and asks for the attention and
collaboration of the user to conﬁrm if it remains at the site, using a simple yes or no
question. Upon the user’s response, combined with other similar responses, the system
is upgraded regarding the accuracy and probability of existence of the obstacle. The
retro feedback system allows responding to the dynamics of today’s urban environ-
ments with constant obstacles that may pose dangers for the blind (and the general
population due to the ubiquitous use of technology, deriving in situational induced
impairments and disabilities).
In an unknown environment, the blind typically explores the environment in a
different way, walking more slowly. Furthermore there is also a greater demand for
benchmarks that can be recognized by the system and which can be given additional
feedback. When faced with the same obstacle in an unfamiliar environment the reaction
of the blind will be less reactive, since he/she was discovering the environment when
he/she found the obstacle. Therefore the data collected by the sensors are different. The
contextualization of the data in the fusion process is therefore a key factor for ensuring
the precision of the information extraction from data collected. Thus, the process once
more goes through two phases: one in the device, taking into account the user infor-
mation so the extraction and selection of data to share can be carried out, keeping the
user privacy; and another on the host/cloud.
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5 Discussion
The presented conceptual model solves some of the problems associated with the
dynamism of the spaces and the dangers it represents for the blind. The model is
generic, apart from the capacity and accuracy of each sensor being capable of pro-
cessing heterogeneous data and fusing it to extract information.
The data collection process is dependent on the development of technologies
sensors, and their capacity of communication and interaction with the surrounding
environment. Given the advances in the IoT it is expected that within the next years
there are several developments in this area, with the emergence of new more accurate
wearable devices, such as smartwatches and smartglasses. The independence of the
model of data collection ensures its timelessness and adaptation to emerging tech-
nologies for data acquisition.
The analysis of the collected data is done in the sensor/device and the host/cloud.
The option to phase in the processing of data allows collected data to be crossed with
personal and historical data of the user, ensuring the privacy and anonymity. The
pre-treatment carried out on the device extracts information from the data taking into
account the user’s proﬁle, that can then be processed at the cloud/centrally fusing the
global with generic users’ data. Either data analysis phases are divided into two stages
of processing: fusion; and information extraction.
The fusion process categorizes and sorts the data from the various sensors, preparing it
for the information extraction process. The separation of this phase allows the modular-
ization of the system and the support for future sensors and devices. For its part, the
extraction of information combines the values of each category of sensor, starting with a
data consistency assessment. This analysis rules out potential errors that exist in the data
captured preventing their spread. Filtering data requires the existence of more than one
sample belonging to the same category, as well as reference values and contextual history.
It is noteworthy that the process does not eliminate or discard data, only tags it as
inconsistent in a given iteration. In the following phases various techniques to extract
information are combined. The results involve the extracted information and the accuracy
of the process. The availability of this information in a public platform enables its vali-
dation and updating by its users at any moment, using the retro-feedback mechanisms.
The retro-feedback mechanisms use two complementary methods of data collec-
tion: human computation/crowdsourcing; and sensors/IoT. These mechanisms allow a
fast adaptation of the system, reflecting the current dynamics of intelligent environ-
ments. However it is pertinent to assess the need for generating data in these envi-
ronments, so there is a consequent adaptation of the system data. This data capture is
facilitated with the use of wearable devices and IoT that open up new possibilities for
the application of such models.
6 Conclusions and Future Work
This paper proposes a model for enhancing blind navigation based on the use of
crowdsourcing and ubiquitous sensing and computing to generate happy maps that
can be dynamically changed with community inputs about dangers in the route.
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The proposed approach follows a modular architecture, which interacts with environ-
mental sensors to gather information and process the acquired data with advanced
algorithms empowered by human computation.
The use of pervasive technology to acquire environmental data in IoT approach
allows users to contribute for its update at each moment, without thereby interfering
with their common practices and requiring no interactions. The data collected under-
goes dual processing to ensure the privacy and anonymization. It is expected that the
aggregation of data collected by multiple users and devices, combined with data fusion
techniques ensures high accuracy rates and therefore gaining the trust of users.
Moreover, the gathered metadata will enable the creation of happy maps that are
delivered to the blind users through a previously developed navigation system. If the
adoption of such a system reaches a level where accessibility issues are reported with
high frequency, it may be possible to create a dynamic accessibility map. This type of
scenario would also result in an increase of the community engagement on using
ubiquitous computing to develop smart cities and extend the support to other com-
munities of users, not limited to visual impairment.
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